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services to the Academy of Natural Sci- 
ences he was unanimously elected its pres- 
ident in 1881, he having served the institu- 
tion as chairman of the board of curators 
continuously for forty years. Both posi- 
tions he held at the time of his death. That 
the value of Dr. Leidy's contributions to 
science have not been over-estimated by his 
personal friends and admirers is shown by 
the honors conferred on him by the learned 
institutions both at home and abroad, and 
by the marked courtesy and attention paid 
to him by the most distinguished savants 
on the occasion of his visits abroad. 
Among the honors conferred upon Dr. 
Leidy may be mentioned the LL.D. of Har- 
vard, the medals of the Royal Microscopical 
and Geological Societies of London, the 
Cuvier medal of the Academy of Sciences 
of Paris, membership in all the most im- 
portant learned societies in this country 
and in those of England, France, Germany, 
Russia, Italy, Norway, Sweden, Hungary, 
Denmark, Spain, Portugal and Brazil. 
Surely it was a fitting tribute to one so 
honored at home and abroad as Joseph 
Leidy that his personality should be em- 
bodied in enduring stone in his native city, 
even though his works were an imperishable 
monument to his memory. 

Henry C. Chapman 
Jefferson Medical Coixege 



TEE ARO AND TEE SPARK IN RADIO- 
TELEGRAPEY 1 

The discovery by Heinrich Hertz be- 
tween 1887 and 1889 of experimental 
means for the production of electric waves 
and Branley's discovery that the conduct- 
ivity of metallic particles is affected by 
electric waves form the foundation on 
which, in 1896, Signor Marconi built up 
his system of wireless telegraphy. 

1 Evening discourse before the British Associa- 
tion for the Advancement of Science, Leicester, 
1907. 



Many of the early investigators certainly 
had glimpses of a future system of being 
able to transmit messages without connect- 
ing wires, for as early as 1892 Sir "William 
Crookes predicted in the Fortnightly Re- 
view the possibility of telegraphy without 
wires, posts,* cables, or any of our costly 
appliances, and said, granting a few rea- 
sonable postulates, the whole thing comes 
well within the realms of possible fulfil- 
ment. 

Two years later Sir Oliver Lodge gave 
his memorable lecture on the work of 
Hertz, and carried the matter a step nearer 
the practical stage. 

There will not be time to dwell to-night 
on the early history of the art and its de- 
velopment. It will be necessary, however, 
to explain some -of the fundamental prop- 
erties of signaling by means of Hertzian 
waves in order to be able to bring out 
clearly the relative advantages and disad- 
vantages of the two rival methods now in 
practical use for producing Hertzian waves 
for wireless telegraphy. 

The fundamental part of the transmit- 
ting apparatus may be said to consist of 
a long conductor, generally placed ver- 
tically, in which an alternating or oscil- 
lating current is set up by some suitable 
means. Such a conductor radiates energy 
in the form of Hertzian waves at right 
angles to itself into space, in very much 
the same way that an ordinary candle sends 
out light in all directions. This radiation, 
though it is strictly in the nature of light, 
is invisible to our eyes, as the frequency is 
too low. 

If we set up any other conductor ap- 
proximately parallel to the first, there will 
be produced in this second conductor alter- 
nating or oscillating currents having the 
same frequency as those in the first con- 
ductor, and which can be detected by suit- 
able instruments. 

The simplest and one of the earliest 
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methods for producing Hertzian waves for 
use in wireless telegraphy consisted in 
charging up by means of an induction coil 
a vertical insulated conductor, which was 
allowed to discharge itself to earth by 
means of a spark taking place between its 
lower end and another conductor which was 
connected to earth. To detect the Hertzian 
waves, Marconi employed an improved 
form of the Branley filings tubes, which is 
known as the "coherer." 

In order to transmit messages the radia- 
tion is started and stopped so as to form 
short and long signals, or dots and dashes 
of the Morse code, out of which the whole 
alphabet is built up in the well-known way. 

As I have already stated, the radiation 
takes place round the vertical conductor 
approximately equally in all directions. 
Suppose that I set up my transmitting 
apparatus here in Leicester, a receiving 
station set up either in Nottingham, Derby, 
Rugby or Peterborough would be able to 
receive the message equally well. Should 
I wish to send a message from here to Not- 
tingham at the same time that Derby wishes 
to speak to Rugby, then the receiving sta- 
tion at Nottingham would receive both the 
message from Leicester which it should re- 
ceive and the message from Derby which 
it was not required to receive. 

To get over this difficulty, known as "in- 
terference," a large number of devices 
have been patented. The most successful 
in practise is syntony, or tuning: in this 
method each station has allotted to it one 
definite frequency or tune, and the appa- 
ratus is so arranged at each station that it 
will only be affected by messages which are 
radiated by other stations on its own fre- 
quency or tune, and not by any other radi- 
ations. To take a musical analogy, sup- 
posing I had somebody who was either deaf 
to all notes of the piano except, say, the 
middle C, or had such a musical ability 
that he could tell at once when I struck the 



middle C ; then I could transmit to that 
person a message in the ordinary Morse 
code by playing on the middle C, and that 
person, whom I shall call Mr. C, would not 
take any notice of the fact that I might 
also be playing on the notes D, E, F, G, 
etc., but Mr. C would confine his attention 
entirely to what is being done with the 
middle C. It is conceivable that I might 
find a series of persons or train them so 
that they could each pick out and hear one 
note only of the piano, irrespective of what 
was being played on the other notes or of 
any other noises that were taking place. 
Taking an ordinary seven-octave piano and 
neglecting for a moment the black notes, 
this would give me fifty-six distinct notes 
on which I could transmit messages; so 
that, transmitting from Leicester, I might 
send messages simultaneously to fifty-six 
different towns. 

The number of possible simultaneous 
messages depends on the number of octaves 
there are on the piano used, and on how 
close together the different notes are which 
can be used without producing confusion. 
For instance, it might be quite easy to train 
someone to distinguish with certainty be- 
tween C and E, and pick out signals on C 
at the same time that signals are being sent 
on E. It is certainly more difficult to do 
this with two notes that are closer together, 
say C and D, and still more difficult if the 
half-tones are used as well. The problem, 
therefore, in wireless telegraphy is to ar- 
range the receiving apparatus so that it can 
hear, or perhaps I should say, more accu- 
rately, so that it can only see, notes of one 
definite frequency or pitch, and not be af- 
fected by any other notes, even though of 
but slightly different pitch. Another re- 
quirement to obtain good working is that 
we should use as little power as possible at 
our transmitting station consistent with 
obtaining enough power in our receiving 
instruments to work them with certainty. 
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I have a mechanical model to illustrate 
how we are able to make our receiving in- 
struments very sensitive to one frequency 
and only slightly affected by frequencies 
which differ but slightly from its proper 
frequency. 

The transmitter in the model consists of 
a disc that can be rotated slowly at any 
speed I like, with a pin fixed eccentrically 
on its face. This pin can be connected to 
a vertical wire which moves up and down 
as the disc rotates. I shall assume that 
the movement of this wire corresponds with 
the movement of the electricity in the ver- 
tical conductor. As a receiving apparatus 
I have a pendulum, and representing the 
ether between the transmitter and receiver 
I have an elastic thread connecting the pin 
in the disc to the pendulum. 

"When I set the disc rotating slowly the 
elastic thread is alternately stretched out 
and relaxed and the pendulum is a little 
affected. If I gradually increase the speed 
of the disc at one definite speed it will be 
found that the pendulum is set into violent 
oscillation, and by observation it will be 
found that when this is the case the disc 
makes one complete revolution in exactly 
the same time that the pendulum would 
make one complete swing if left to itself; 
that is to say, that the disc and the pen- 
dulum make the same number of swings 
per second or have the same frequency ; in 
music they would be said to be in tune with 
each other. If instead of allowing the disc 
to rotate continuously I allow it to make 
only half a dozen revolutions, then the 
pendulum will be affected, but much less 
strongly. The greater the number of revo- 
lutions the disc makes up to a certain maxi- 
mum number the more the pendulum will 
be caused to swing. 

Instead of starting and stopping the disc 
I can keep the disc rotating and start and 
stop the pulls on the elastic thread by 
moving the pin in the face of the disc in 



and out from the center, which produces 
a movement which much more nearly cor- 
responds with the actual current in the 
vertical wire as used in spark telegraphy. 

It is necessary here to explain the rela- 
tionship that exists between the wave- 
length, the frequency and the velocity of 
propagation of Hertzian waves. The 
waves travel with, as far as we know, the 
same velocity as light, namely, 300,000,000 
meters, or 186,000 miles, per second. Be- 
tween these quantities we have the relation- 
ship that the product of the wave-length 
by the frequency is equal to the velocity of 
propagation, or, as I have already men- 
tioned, the velocity of light. 

The wave-lengths which are of practical 
use in wireless telegraphy at the present 
time range between 100 and 3,000 meters, 
though, of course, it is quite possible to use 
for special purposes wave-lengths outside 
these limits. The corresponding frequen- 
cies in practical use are therefore between 
3,000,000 and 100,000 complete periods per 
second. We require, therefore, to produce 
in the vertical conductor alternating or 
oscillating currents of any frequency with- 
in this range, and to have a sufficient num- 
ber of oscillations following one another 
without interruption to allow of good syn- 
tony being obtained. 

There are three methods of producing 
these currents— namely, the alternator, the 
spark and the arc methods. 

There are great difficulties in the way of 
constructing an alternator to give such 
high-frequency currents, and I can best 
illustrate this by taking an example. Sup- 
pose that it is required to build an alter- 
nator to work at the lowest frequency, 
namely, 100,000 periods per second, and let 
us assume that we can drive this alternator 
by means of a turbine at the high speed of 
30,000 revolutions per minute. This alter- 
nator could not have a diameter much 
above six inches for fear of bursting ; and, 
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as it makes 500 revolutions per second, it 
would have to generate 200 complete pe- 
riods for each revolution, so that the space 
available for the windings and poles for 
one complete period will be less than one 
tenth inch, a space into which it is quite 
impossible to crush the necessary iron and 
copper to obtain any considerable amount 
of power. In spite of the small space that 
we have allotted to each period, as there are 
100,000 periods per second, the speed of 
the surface of the moving part works out 
at over 500 miles per hour. A small al- 
ternator has been built to give over 100,- 
000 frequency, but the amount of power it 
produced was extremely small. Several 
experimenters have stated lately that they 
have built alternators giving these high 
frequencies and a considerable amount of 
power, but, so far as I am aware, there is 
no reliable data available as to the design 
of these machines. 

If it should prove possible to construct 
alternators for these very high frequencies, 
we shall be able to obtain a sufficient num- 
ber of consecutive oscillations of the cur- 
rent in the aerial of definite frequency to 
enable very sharp syntony to be obtained. 
Not only will this greatly reduce inter- 
ference troubles in wireless telegraphy, but 
such alternators will be of the greatest 
value for wireless telephony. 

The earliest method of producing high- 
frequency oscillations was proposed by 
Lord Kelvin, who pointed out that if a 
Leyden jar or condenser be allowed to dis- 
charge through a circuit possessing self- 
induction or electrical inertia, then under 
certain conditions the discharge of the jar 
is oscillatory, that is to say, that the elec- 
tricity flows backwards and forwards in the 
circuit several times before the jar or con- 
denser becomes finally discharged. I think 
that perhaps the best way to make this 
matter clear is by demonstrating experi- 
mentally with an oscillograph the nature 



of the discharge of a condenser, and how 
it is affected by the resistance and self-in- 
duction in the circuit. As a mechanical 
analogy one may look upon the charged 
condenser as a weight attached to a spring 
which has been pulled away from its posi- 
tion or rest. To discharge the condenser 
we let go the weight and it begins to oscil- 
late backwards and forwards, and, after 
making a greater or less number of oscilla- 
tions, finally comes to rest. The number 
of oscillations per second will depend upon 
the strength of the spring and the mass of 
the weight, which correspond with the ca- 
pacity and self-induction in our electrical 
circuit. The number of oscillations before 
the weight finally comes to rest is deter- 
mined by the friction which tends to stop 
the weight, or by the resistances and other 
losses in the electrical circuit. 

In practise the aerial conductor acts as 
a Leyden jar or condenser. It is charged 
with electricity and allowed to discharge, 
the current oscillating backwards and for- 
wards in the aerial during the discharge. 
In many installations Leyden jars or con- 
densers are electrically connected to the 
aerial, so that the oscillations taking place 
in them are transmitted to the aerial. Any 
remarks, therefore, that I may make as to 
the oscillations which may be set up in 
condensers apply equally well to the oscil- 
lations in the aerial in wireless telegraphy. 

For wireless telegraphy it is usual to 
charge the condenser or aerial by means of 
an induction coil or an alternator to a very 
high voltage, and it is allowed to discharge 
by means of a spark between the two elec- 
trodes which form the ends, so to speak, 
of a gap in the electrical circuit. As long 
as the pressure is low the spark gap is a 
perfect insulator; when the pressure be- 
comes high enough the air between the elec- 
trodes breaks down and a spark passes the 
gap, becomes conducting, and allows the 
condenser to discharge. The property of 
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the spark-gap of passing almost instantane- 
ously from a condition of being an, insula- 
tor for electricity to being an extremely 
good conductor for electricity is of the 
utmost value in the spark method of wire- 
less telegraphy. The more perfectly the 
spark-gap insulates before the discharge 
takes place, and the more perfectly it con- 
ducts after the discharge has taken place, 
the better it is for our purpose. 

If I take two electrodes sufficiently far 
apart in air and gradually raise the elec- 
trical pressure between them, the first indi- 
cation that anything is going to happen is 
the formation of fine violet aigrette on the 
more pointed or rougher parts of the elec- 
trodes. This is known as the brush dis- 
charge. By gradually raising the pressure, 
this brush discharge extends further out 
into the, air, until finally the air between 
the two electrodes becomes so strained that 
it breaks down and the real spark passes. 

The long thin spark that occurs in this 
case is not very suitable for wireless teleg- 
raphy, as its resistance is too high. Ordi- 
nary lightning flashes are good examples of 
long sparks on a very large scale. If in- 
stead of working with the electrodes far 
apart they are placed nearer together, and 
if the electrical pressure is supplied from a 
very powerful source, then directly the 
spark passes it forms a thick discharge hav- 
ing the appearance of a flame in which the 
nitrogen of the air is actually being burnt ; 
a process which, it is hoped, in the future 
may have immense importance in the sup- 
ply of artificial nitrates for agriculture. 
This flame-like discharge has a low elec- 
trical resistance, but has the effect that it 
so heats or modifies the air that it is diffi- 
cult to get the air to insulate again, after 
one discharge, ready for the next. 

If a large quantity of electricity is dis- 
charged through the spark-gap, and if the 
spark lasts a very short time compared with 
the interval between successive sparks, then 



a highly conducting spark can be obtained, 
as well as a good insulation between the 
sparking terminals when no discharge is 
passing. 

In order to help to bring the gap back 
to its insulating condition after each dis- 
charge, many devices are employed, such 
as subdividing the spark into several short- 
er sparks, cooling the electrodes, blowing 
air across the spark-gap, etc. When the 
condenser, or antenna, discharges through 
the spark-gap, oscillations are set up which 
radiate Hertzian waves. 

In practise in wireless telegraphy it is 
difficult to obtain a large number of oscilla- 
tions during each discharge as correspond- 
ing with each oscillation ; the antenna radi- 
ates energy. A large number of oscilla- 
tions means, if we keep amplitude of each 
the same, that we are radiating a large 
quantity of energy. Besides this radiated 
energy, which is useful for transmitting 
messages, there is also energy wasted in 
heat in the spark-gap, in the conductors, 
in the glass or other insulation of the con- 
densers. It is this useless part which we 
require to make as small as possible. 

I have lately had an opportunity to de- 
termine how many oscillations actually take 
place in a certain wireless transmission. 
The experiment was made by photograph- 
ing the spark as seen in a mirror rotated 
at a very high speed, and it was found that 
each spark consisted of nine or ten com- 
plete oscillations. 

If all the oscillations had been of equal 
strength or amplitude, and if the receiving 
circuit had been similar to my pendulum 
in my mechanical model, then there would 
be very little to be gained by increasing the 
number of oscillations. As the oscillations 
die away in the spark method, two or three 
times this number would probably be re- 
quired for the best effect. As a matter of 
experiment very good tuning was obtained 
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with the wireless transmission referred to 
above. 

As an example of the sharpness of tuning 
obtainable by the spark method the follow- 
ing test carried out on the Lodge-Muirhead 
installation at Hythe may be of interest. 

The station at Hythe had to receive mes- 
sages from Elmers End at a distance of 
fifty-eight miles over land, in spite of the 
fact that the Admiralty station at Dover, 
only nine and one fourth miles distance, 
was transmitting as powerfully as it could, 
in order to produce interference, and that 
the regular communications were going on 
in the channel between the shipping. It 
was found possible with a difference of 
wave-length of 6 per cent, to cut out the 
interference from the Dover station. 

In the arc method of producing con- 
tinuous oscillations we employ, as before, 
a condenser and self-induction; but, in- 
stead of charging the condenser to a high 
voltage and allowing it to discharge by 
means of oscillations which die away, and 
then repeating the process over and over 
again, we actually maintain the condenser 
charging and discharging continuously 
without any intermission, so that we prac- 
tically obtain a high-frequency alternating- 
current in the aerial. 

To impress the difference on your minds, 
I have an incandescent lamp, which I 
switch on and off rapidly about ten times, 
and then after a short time I repeat the 
same flickering of the light, and so on. 
The flickering of the light corresponds with 
the oscillations in the ordinary spark 
method, and the time spaces between the 
flickers represent the times during which 
'the condenser or antenna is being charged 
ready to produce a fresh series of oscilla- 
tions. In practise we may have as many 
as, say, a couple of hundred discharges of 
the condenser a second, and during each 
discharge we may get, say, ten complete 
oscillations, each oscillation lasting one 



millionth of a second, if the wave-length is 
300 meters; thus the total time that the 
condenser is discharging is only one one- 
hundred-thousandth of a second, or one 
five-hundredth part of the interval of time 
between two successive discharges. My 
lamp here flickers about five times per 
second, and makes ten flickers before it 
goes out ; the total time that it is flickering 
is two seconds, and the time before it should 
start to flicker again to correspond with 
the practical wireless case is therefore 
1,000 seconds, or rather over a quarter of 
an hour. If now I represent continuous 
oscillations, such as are obtained by the 
arc method with this lamp, I shall simply 
keep the lamp flickering continuously, and 
there will be no intervals whatever. 

The arc method of producing continuous 
oscillations is founded on my musical arc. 
In order to explain this I must demonstrate 
some of the properties of the direct-current 
arc. If I vary the current flowing through 
the arc very slowly and note the potential 
difference corresponding with each value 
of the current, keeping everything else 
constant, I obtain a curve generally spoken 
of as the characteristic of the arc. These 
curves under different conditions have been 
very thoroughly investigated by Mrs. 
Ayrton. 

With the carbon arc between electrodes 
in air the voltage decreases very rapidly 
when the current is gradually increased, 
starting from very low values. As the 
current becomes larger the rate of decrease 
of the voltage becomes less and less until 
it is, comparatively speaking, quite small, 
with a current of ten or twelve amperes. 
With the arc between metal electrodes simi- 
lar results are obtained, except that the 
discontinuity in the curves, called the hiss- 
ing point by Mrs. Ayrton, takes place at 
very small currents, generally well below 
an ampere. 
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With arcs burning in hydrogen, Mr. 
Upson has found that the curves are gen- 
erally much steeper for the larger values of 
the current than for the corresponding arcs 
burning in air. This point is of great im- 
portance as explaining the value of the 
hydrogenic atmosphere used by Poulsen 
and referred to later. 

In general, I may therefore say for the 
above arcs that increase in current through 
the arc is accompanied by decrease of the 
potential difference between its electrodes, 
and vice versa decrease of the current 
causes increase in the potential difference ; 
on the other hand certain arcs, such as the 
arc between cored carbons, behave in an 
opposite manner, that is to say, current and 
potential difference increase and decrease 
together. 

I demonstrated in 1900 that if I connect 
between the electrodes of a direct current 
arc (or other conductor of electricity for 
which an increase in current is accom- 
panied by a decrease in potential difference 
between the terminals) a condenser and a 
self-induction connected in series, I obtain 
in this shunt circuit an alternating current. 
I called this phenomenon the musical arc. 
The frequency of the alternating current 
obtained in this shunt circuit depends on 
the value of the self-induction and the 
capacity of the condenser, and may prac- 
tically be calculated by Kelvin's well- 
known formula. 

Besides the condition that an increase of 
current must be accompanied by a decrease 
in potential difference, it is necessary that 
the relative decrease in potential difference 
produced by a given increase in current, 
that is to say, the steepness of the char- 
acteristic, shall exceed a certain minimum 
value whieh depends on the losses in the 
shunt circuit. It is also necessary that an 
increase in current shall be accompanied by 
a decrease in potential difference, even 
when the current is varied very rapidly. 



Let us consider what takes place when I 
connect this shUnt circuit to an arc. At 
the moment of connection a current flows 
from the are circuit into the condenser cir- 
cuit, which tends to reduce the current 
flowing through the arc. This reduction 
of the current through the arc tends to 
raise the potential difference between its 
terminals, and causes still more current to 
flow into the condenser circuit, and I now 
have a condenser charged above the normal 
voltage of the arc. The condenser, there- 
fore, begins to discharge through the arc, 
which increases the arc current and de- 
creases the potential difference, so that the 
condenser discharges too much ; the reverse 
process then sets in ; the condenser becomes 
successively overcharged and undercharged, 
due to the fact that, instead of the poten- 
tial difference between the terminals of the 
arc remaining constant and allowing the 
condenser to settle down with its proper 
corresponding charge, the potential differ- 
ence actually decreases when the condenser 
is discharged and increases when it is 
charging, so as to help to keep up the 
flowing backwards and forwards of the 
current indefinitely. 

The oscillograph wave forms show what 
is going on very clearly, and they show that 
in general the swing of the current in the 
condenser circuit attains such a magnitude 
that when the condenser is charging it 
takes the whole of the current away from 
the arc, so as to make the arc, although 
burning on a direct current, a pulsatory 
arc. The pulsation of the current through 
the arc causes the vapor column to grow 
bigger and smaller^ and the light to vary. 
When the vapor column grows bigger and 
smaller it displaces the air around it and 
produces a note the pitch of which is de- 
termined by the frequency of the current 
in the shunt circuit. 

The values of the capacities of a series 
of condensers have been calculated by 
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Kelvin's formula to give the frequencies 
corresponding with a musical octave, and 
the nearest values in an ordinary laboratory- 
box of condensers have been taken and con- 
nected to a keyboard. The result shows 
how nearly Kelvin's law is obeyed. 

With this apparatus I can demonstrate 
the importance of tuning in electrical cir- 
cuits and perform electrically some experi- 
ments which I have already performed me- 
chanically earlier this evening. I use the 
large coil which forms the self-induction in 
the circuit shunting the arc as a trans- 
mitting circuit for wireless telegraphy by 
the magnetic induction or Preece method, 
and I have a receiving circuit consisting of 
a coil of wire connected to a small lamp 
and not connected in any way to the trans- 
mitting circuit. At a certain short dis- 
tance between the transmitting coil and 
the receiving coils the indicating lamp 
lights if I cause my arc to sound any one 
of the notes of the octave, and so produce 
an alternating current of corresponding 
frequency in the transmitting coil. If I 
now tune the receiving circuit, by connect- 
ing a condenser in it, the lamp on the re- 
ceiving circuit will light at about five times 
the distance; but it will only light when 
one definite note is sounded by the arc. 
These are the two distinct advantages of 
tuning, namely, greater distance and 
syntony, or responding to only one definite 
note. 

For wireless telegraphy by means of 
Hertzian waves, based on my arc method, 
we require much higher frequencies in the 
shunt circuit. If we attempt to obtain this 
higher frequency from the ordinary arc 
burning between solid carbons in air, we 
find that above a certain limit the oscilla- 
tions will no longer take place. This is 
due to the fact that we are varying the 
current through the arc at this higher fre- 
quency too quickly for an increase in cur- 



rent to be accompanied by a decrease in 
potential difference. I have demonstrated 
that if I only vary the current through 
the ordinary current arc sufficiently 
rapidly, then an increase in current is ac- 
companied by a proportionate increase in 
the potential difference, and the arc be- 
haves just like an ordinary resistance. If 
we work with very small current arcs we 
can obtain high-frequency musical arcs 
burning in air either between carbon or 
metal electrodes. 

In a paper read before the International 
Electrical Congress at St. Louis in 1904 
Mr. Poulsen showed that by placing the arc 
in a flame it was possible to obtain higher 
frequencies than when the arc was burning 
in air. Following this up Mr. Poulsen 
came to the conclusion that the best results 
were obtained when the arc was burning in 
hydrogen, or a gas containing hydrogen; 
and he further added a magnetic field 
around the arc somewhat similar to that 
which has been previously used by Elihu 
Thomson. 

The arc burning in coal gas in a power- 
ful transverse magnetic field was used by 
Poulsen in his early experiments to pro- 
duce the high-frequency current necessary 
for wireless telegraphy between Lyngby 
and Esbjerg in Denmark. This apparatus 
has been further improved, and is now em- 
ployed by the Amalgamated Eadio-Tele- 
graph Company in their station at Culler- 
eoates and the other stations that they are 
erecting. 

In both the arc and the spark methods 
of wireless telegraphy we employ a high- 
frequency alternating current in the aerial 
conductor. The essential difference be- 
tween the two methods lies in the fact that 
with the spark method our alternating cur- 
rent in the aerial conductor first increases 
to a maximum value and then dies away 
rapidly, making only a limited number of 
oscillations, whereas in the arc method the 
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oscillations are maintained continuously of 
unvarying amplitude. 

With the arc method we are further able 
to choose the number of consecutive oscilla- 
tions which make up each signal sufficiently 
great to obtain the very best syntony. On 
the other hand, improvement in the ar- 
rangement and construction of the appa- 
ratus for the spark method has so increased 
the number of oscillations corresponding 
with each spark that it may be that we 
shall be able to obtain a sufficient number 
in each train to give as good syntony by 
this method as that obtained with the arc 
method. 

The arc method seems eminently suitable 
for very high speeds of working. As the 
oscillations are quite continuous, we can 
cut them up into groups to form the dots 
and dashes of the Morse alphabet, just as 
if we were working with a continuous cur- 
rent such as is used on land lines, so that 
there seems no reason why as high a speed 
of working should not be obtained from the 
arc method of wireless telegraphy as is ob- 
tainable by automatic signalling on land 
lines ; for it is to be noted that the dot or 
shortest signal of the Morse alphabet, even 
at a speed of three or four hundred words 
per minute, will last long enough to consist 
of many hundreds of oscillations of the 
current in the aerial, so that there will be 
plenty of oscillations in the group forming 
the dot to give good syntony. 

Turning to the spark method for high 
working speeds, we find a difficulty in that 
the dot of the Morse alphabet must at least 
occupy the average time required to charge 
the condenser or aerial and produce one 
spark, and preferably sufficiently long for 
several. "We are therefore obliged in the 
spark method to use a high rate of spark- 
ing for high-speed signaling. This diffi- 
culty has not become very serious with the 
present low speeds of sending. "When we 
come to use considerable amounts of power 



to transmit messages over long distances, 
and we also require a high speed of work- 
ing, the practical difficulty in constructing 
apparatus suitable for sufficiently rapid 
sparking will become serious. 

Mr. Marconi in 1905 claimed to have 
already reached a speed of 100 words per 
minute by the spark method, and lately 
there has appeared in the technical press 
examples of high-speed signaling by the 
British Post-office over a distance of fifteen 
miles in which readable signals were re- 
ceived at a speed of seventy words per 
minute. 

Turning to the receiving end, almost all 
the receivers that have been used in the 
spark method can be equally well used for 
the arc method ; for it must be remembered 
that the transmission in either case is 
affected by Hertzian waves traversing 
space, and that the only fundamental dif- 
ference consists in the number of oscilla- 
tions in each train of waves. It must be 
noted, however, that in those methods in 
which a telephone receiver is used it is 
necessary to break up the continuous oscil- 
lations of the arc method into groups suc- 
ceeding one another sufficiently rapidly to 
produce an audible sound in the receiver; 
for in the spark method the sounds we hear 
in the receiver correspond with the succes- 
sion of impulses of the diagram, one for 
each spark at the transmitter. This chop- 
ping up of the continuous wave-train so 
as to produce audible signals in the receiv- 
ing apparatus can be done either at the 
transmitting end or in the receiving ap- 
paratus. An example of this latter method 
is Poulsen's ticker. 

The question whether receiving appa- 
ratus can be arranged so as to receive mes- 
sages from stations equipped with the spark 
apparatus and from stations equipped 
with the arc apparatus is a matter of 
enormous importance at the present mo- 
ment in view of the probable ratification of 
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the Berlin Convention, which imposes an 
obligation on all commercial stations to in- 
tercommunicate without regard to the make 
or system of transmitting apparatus em- 
ployed. I am of the opinion that there 
will be no difficulty in carrying this into 
effect provided that the stations using the 
spark method send out long trains of 
waves, as they should do to obtain syntonic 
working, which is also called for by the 
Berlin Convention. 

An extremely interesting development 
which is now progressing rapidly owing to 
the possibility of producing continuous 
oscillations by the arc method is wireless 
telephony. Suppose that we can vary the 
intensity of the oscillations in a manner 
corresponding with the vibrations of the 
air which constitutes sound and speech, 
then we should obtain at the receiving sta- 
tions a train of Hertzian waves whose 
amplitude varies in a corresponding way; 
by allowing these waves to act on a tele- 
phonic receiver which is sensitive to the 
intensity of the waves we shall obtain in 
the telephone a reproduction of the sounds. 
This has actually been carried into effect 
by employing an ordinary microphone to 
modify the current through the transmit- 
ting arc so as to vary the intensity of the 
oscillation current produced, and by em- 
ploying what is known as a point-detector 
and a telephone at the receiving station. 

Another method which may be used con- 
sists in causing the microphone to vary the 
frequency of the oscillations of the gen- 
erator, and by arranging the receiver so 
that it is more or less strongly affected 
according to the frequency of the received 
waves. 

I am informed that such good results 
have already been obtained on the experi- 
mental stations for wireless telephony that 
it is proposed to equip stations at Oxford 
and Cambridge for the further perfecting 
of this application. 



It is greatly to be desired that wireless 
telephony may develop rapidly, as it seems 
to me that for the purpose of communicat- 
ing with ships wireless telephony will have 
great advantages over wireless telegraphy. 

I am deeply indebted to Mr. Colson for 
all the facilities that he has placed at my 
disposal, and to his engineers for their as- 
sistance, which has enabled me to carry out 
the experiments in the lecture ; and I have 
also to thank the tramway department for 
the special supply of current. 

W. Duddbll 
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The field of experimental zoology has of 
late years been greatly extended and includes 
problems of widely different nature. The 
title of this book justifies the expectation of 
finding between the covers an attempt to bring 
together the results of experiment in the vari- 
ous fields and at the same time raises in the 
mind of the reader the question as to how the 
author has found it possible to treat ade- 
quately in some four hundred and fifty pages 
the data and problems involved. This ques- 
tion is answered in part, however, by the 
preface and table of contents, from which it 
appears that experimental embryology, regula- 
tion and animal behavior are not included 
within the scope of the book because, as the 
author states, they have recently received full 
consideration and, furthermore, would require 
too much space to be included in a single 
volume. 

In short, the book treats primarily of those 
subjects and problems of experimental zoology 
which have not been considered in other books. 
This limitation necessarily defines its scope in 
a somewhat arbitrary manner and without 
relation to the problems involved. It is a fair 
question, therefore, whether the subject-matter 
of the book justifies its title: it would seem 
that some less inclusive title would have been 
more fitting. 

In the preface the author states that 



